suggested by the quanticule theory. The internuclear distance, the vibrational force constant and ew changes on excitation for F2 do not agree with those expected for the structures Xt Z2 X" and x+E2 y+. which fit the 3 other halogen and interhalogen molecules respectively.
INTRODtJCTION
It is a well known peculiarity of F2 that its enthalpy of dissociation into atoms (-AI!) does not fit into the gradation valid for the other three halogen molecules, as is shown in table 1, line 1. Since AH is a relatively small difference of two more fundamental energies (see section 2), this irregularity in itself is not conclusive evidence for a profound difference in binding between F2 and the other halogens. Aowever, it has been possible to show for a series of simpler molecules, name@ of monohydrides [l] that the ex amination of internuclear distances and force constants allows one to distinguish for them two different types of intramolecular binding. Applying and extending this approach in the present wcrrk, we can substantiate more firmly the implication that there must exist important differences between the eIectronic structure of F2 and those of the other halogen moIecules X2 and XY. We finally wish to suggest that the ideas of the quanticule theory may point to the essence of these differences. (1) is exactly known, one can derive the energy of the process in eq. (2) 3.1. Internuclear distances r, (A)
The r values are known for the following XY molecules:
X2'
2x+ + 2E (2) and arrives at the energies of ioniza+ion, I, given iri table 1, line 2. They do not show the irregularity of line 1: the energy of the dissociation of F2 into the two positive cores and the two electrons, asstimed to be binding tiem according to (III) , is by far the largest, In the lines 1 and 2 of table 1 the energy of the molecules is compared with that of their remote disruption products. We have two other criteria of BS which compare analogous molecules directly 'in their r,ormal state. They are the reciprocal of the internuclear distance Y t and the vibrational force constant k. They are given in lines 3a and 4a of table 1. Again F2 exhibits the largest BS and does not show qualitatively the anomaly of line 1. However, a more quantitative comparison leads to the following irregularity.
In the lines 3b and 4b the relative l/r and k values are given, choosing those of I2 as 1. One sees that the corresponding values of Br2, Cl2, F2 are lsrger for k than for l/r, e.g., for Cl2 1.91 and 1.34 respectively. This expresses numerically the well knowntt greater sensitivity of k than of r for molecules of closely analogous structure. Hence, the increase of the ratio, given in line 5, of the values in lines 4b/3b from 1-O for 13 to 1.42 for Cl2 is also understandable. Contrarjr to this regular behavior of the heavier halogens, the ratio for F2 (1.46) is only insignificantly larger than that for Cl2_ This indicates more strongly than the irregularity of On the other hand, comparing the values in column 6 for the A's involving F2 with the corresponding ones in column 3, one sees that the difference between them, given in column 7, is on the average 0.202/0.016 = 12.6 times larger than the average deviation in column 4. Thjs means that r = 1.141 of F2 is larger by 0.20 A than would correspond to additivity when compared with FCl, FBr, FL Since the r of the latter three molecules shows approximate additivity when combined with the values of ClBr, ClI, BrI, Cl2, Br2, 12, one can conclude that F2 has a different electronic structure than the other 9 molecules. Si.\ce in the ratio 2/3 the value of k(F8) is in the dt.lominator, this comparison shows that the actual k(F2) is smaller than one would expect by comparison with the other molecules. This and the excessively Iarge value of Y (section 3.1) prove that the BS within F8 is smaller than it would be if F8 had the same electronic structure as the other X2 and XY halogens.
Comparison of the ground with excited states
This comparison offers the simplest and most direct proof #at F2 differs from the following molecules for which the Y and w values are known for the ground (X) and the excited A states: FCl, FI, Cla, CII, 12; this is true also,for FBr and Br8 for which only w is known?. For all these ? molecules the X state is 1 C, the A state is 877 and the BS is smaller for the A state than for the X state. For instance for FI the changes on excitation are ['?I: for r from 1.9089 to 2.1189 A, for w from 608.2 to 466.5 cm-l. This unpairing and Ioosening is understandable if one considers the structure of the X state as X%,Y'+, that of the A state as X&P?.
The excited electron e* is farther away from the positive cores and binds them less effectively.
f These data can be found in [Z, p. 512-5421. The changes of properties of F2 on excitation are quite different from those just described for the other motecules, White the ground state and a C state are ix, a B state is Iv_ Comparable in magnitude with the other molecules are tie changes from the X to the B state. These changes amount from 1.4?1 to I.282 A for Y and from 921.7 to 1139.8 cm-* for W. They both show an increase of BS, contrary to the decrease on excitation of the other 7 mofecules. The excitation of F2 to the C state causes the much smaUer increase of oto 8111.4.
THE PROBABLE QUANTKZULE STRUCTURE OF F2
The evidence presented above is in agreement with the assumption, arrived at on the basis of the quanticule theory, that F2 has a different electronic structure from Ci2, Br2, 12. While Lewis represenled all 4 molecules by formula (I) letter. It can only be stated here that the eleceronic structure of F2'appears to be closer to that of the just mentioned molecules containing only elements of the first octave than to the other halogen molecules.
